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P RASSIIOPPERS i., a single vear have desircvecl crops 
valued at over a hundred rjiillion dollars. The' best \vav 
to prevent losses is the use of poisoned bail supplemeuied 
by tillage and seeding jnethods which restrict egK lavincr and 
imprison the young grasshoppers in the grounS a/ter^hey 

Bail is most effective while grasshoppers are still on their 
latching grounds or massed along fiekl margins. It should 
he put out when grasshoppers are doing their first fee.linr^ 
ol the day. This usually occurs between 6 and 10 a 
at te.nperalufes of TO^ to 80° F. Halt should not be spread 
unless grasshoppers are actively feeding. In mixing and 
distributing the poisoned bait care should be takin to 
prevent injury to persons and farm animals. 

Seeding grain only on niowed or summer-fallowed ground 
and plowing infested stul.ble before the eggs hatch Ireativ 
reduces the quantity of bait needed for contml and decreases 
tlie liability of crop injury. 

Cooperation in the use of control methods bv all the farin- 
^ is neeessarv for best results 

i his bulletin supersedes Fanners' Hiilletin 1691, il 
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How (rraishopper outbreaks ilevclor' 
now to fontrol )[T«sshopi*rs 



PRASSHOPPERS have iilwnvs boon iHnoii<: tlic chief insect oncinios 
\j of anriculturp in the United Smtos. Tliey arc rpcordcd as hiwinj:; 
iEiured crops in Now England in 1797, and in 1S18 vnst hordos de- 
stroyed the crops of early settlers in the Red lin er \ alley in Minne- 
sota. During the period 1874 to 1877 the liocky Monntain grass- 
hopper, or locust, as it wns then called, increased to such numbers tliat 
its depredations were considere<l a national calainitv. Great swarms 
: originating in tho plains oast of and adjacent to the Rocky Mountains 
in Montana, Wyoming, and Colorado migrated eastward to the 
Mississippi Valley and soutJnvard to Texas, deTounng croi)s wherever 
they paused in their flights. Damage to crops amount^ to JSOO,- 
000 0 00. Congress recognized the seriousness of the outbreak atid 
on March 3, 1877, created the I'nited States Entomological C()minis- 
sionand authorized it to investigate the grasshopper problem. ^ Ihis 
^ organization, headed by C. V. Riley, developed mto the Division of 
Entomology of tlic Unit.otL States Department of Agriculture, which 
I k now become the Buroau of Entomology and Plant Oiiarantme. 

For some time it was believed tliat grasshoppers would bocome less 
Aabundant as the Western States became more thickly settlwl and more 
|#nd was brought under cultivation. It now appears that th« present 
parge acreages of crops and idle land, added to the natural breeding 
' grounds, offer grasshoppers a greater, more varied, and inore succulent 
food supply than did the native grasses antl that conditions arc now 
more favorable for their development than before tho land was dis- 
turbed by man. Grasshopper control must Uierefore be recognized 
as a permanent problem which should include not only the killing of 
grasshoppers after they become dangerous numerically, but also the 
' ion of such tillage and seeding metliods and other farm practices 



are knowTi to check grasshopper increase. 



'Acteowledgment Is due R. 1.. ShotweU and W. R. Walton, of the Burwii of Kntomoloity f 1 
Snarantine, for Inclusion of Information previously published in Farmers' Hullelln "o*^ '.""'™! 
Cjasshoppers In Cereal and Foraite Crops, ol which they were joint authors, and mfiw" ."L't 'in,' nf 
fe Bureau ot Kntomoloiry and Plant Quarantine RM laboratory at Botemap, Mont- yhP.t'^';_™* Il> fi 
4e photopraphs and iwrformed much of the field if ork upon wbMi r»eoHHBend«tloitt «nd «t«»iH«t» mam 
I ""this bulletin are based. r ■" 
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REGIONS IN WHICH SERIOUS GRASSHOPPER DAMapp 

OCCURS 

Grasshopper outbreaks in the I'nited States are largely confine, 
to the following regions: Northern Great Plains, including easten 
Montana, North Dakota, South Dakota, Nebraska, and Kansas' 
Rocky Afountain and Plateau States, including western Montana' 
Wyoming, Colorado, Idaho, and Utah; upper Mississippi Vallev' 
mcluduig Mninesota, Iowa, Illinois, and Missouri; and the Great 
Lakes region, meluding Michigan and Wisconsin. Occasional out ^ 
breaks have occurred in C'alifomia, Oregon, and Washington on the 
Psoific eoast; in Arizona, Nevada, and New Mexico in the Southwest' 




Figure 1.— Where grasshopper outbreaks occurred from 1931 to 



1938, 



n Arkansas, Oklahoma, and Texas in the South ; and in the New Eng- 
land btates. borne local damage is done each year by grasshoppers 
in other Eastern States, but, in general, severe, extensile outbreaks I 
arc confined to the western two-thirds of the United States. 

1 He vast area subject to serious grasshopper injury can be visualized/, 
by looking at figure 1. It is based on surveys conducted since mil 
t.?^"'' ^^here grasshoppers and their eggs were present in danger-^' 
^„tjr? '''^ ^^T^' counties, where outbreaks have occurred 
during 1 or more of the years from 1932 to 1938. 

LOSSES CAUSED BY GRASSHOPPERS 

hnJn!^'!?''^- ^"^ali-eady been made to the destructivcness of grass- 
hoppers durmg pioneer days, when no control measures were employed, 
of TJf ^•V^P"'"*""'"'^ f tl'e fact that enormous losses still occur because 
tint L^'JI k^ to make complete use of the effective control methods 
Snsinnl?^ *^*;Ycl«pcd by Federal and State entomologists since 
grasshopper mvestigations were inaugurated by Congress in 1877 
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III regions where eonditioiis are favorable for their deval,.,. 
^msshoppers still remain tlie farmers' most dangerous ins^tlL?"' 
\V ithm the regions most subject to outbreaks are included tl.Tnri^ "^,. 
wheat-, barley-, and flax-prodtiebg areas of the United St' te? T' 
eluded also are enormous acreages of alfalfa, eoni, oats S 
All these erops are particularly susceptible to grasshoi ner l^f 
and there is never, a year in which soine damage'L no? done A 
ranges from slight m ury durino- vears of orrHi,nr,r X! a ' 
destruction of all crops over kr^rarens vlT,? J to total 

not employed during 'xtcis" e ^^tbTeZ ' ^"sr '"'^"'"^ \ 

llie monetary losses caused bv srasshonner flA«f..Mo+;^„ c 

0-year 'period l^oo' 3^^^^ approximately $315,753,000, Ld fS 
Table l.-Crop losses earned by g ra,,hoppers during the period 193/,~S8 > 



Stete 



Arizona 

ArkaDSas 

California 

Colorado 

Idaho 

Illinois ;; 

Iowa 

Kansas 

Michigan 

Minnesota..- 

Missouri 

Montana 

Nebraska 

Nevada 

New Jfexico 
North Dakota. 

Okhhonia 

Oregon.- _ 
South DakolaV 
Texas,. 

I'tah 

Wisconsin 

Wyoming... 

Total.... 



1934 



$92,000 



193S 



$92,000 



1,500,000 
4,000,000 
230,000 
25,000 
1,000,000 
1, 700,000 
500,000 
500, 000 
1, 000, 000 
8, 367, (XXI 
8,921,000 
72,000 
SOO. (XX) 
Sfil, 000 
40(1, (XK) 

m. oon 

4, 000, 0(K) 
i, 000, (XIO 
200, 0(X) 
2,000,0(X) 
2,000,000 

37,071,000 



iXi. 000 

3, 5oa 000 

15,000 
35,000 
025, 000 
100,000 
219, 001) 
750,000 

2, m), 000 

7IK), 0(X) 
ISO, 000 
32,000 
500,000 
!00, 000 
900,000 
100, 00(1 
2, .WO, 001) 
1,000,000 
436k 000 
300.000 
250,000 



1930 



$1,5,000 
275, 0<W 
443, 0(X) 
!,0S3, 0(X) 
2.5, 000 
IS, WK). (KX) 
25, 000, 000 
21,000, mx) 
43,000 
SOO, 000 

s, m, ooo 

2,500,000 
10, 593, 000 
14,000 
2.50,000 
MX), 000 
7. l.W.OOfl 
1(H), OOO 

3. my. 000 
1.000,000 

1, 529, 000 
3,5(X),0flfl 
1.413,000 



1937 



$11). 000 
3 IX. 0(X) 
179. (XX) 

3. 323. OOO 
150.000 

1.212,000 
7, 23S, (X)0 

0, 000, 000 
354, 0(X) 

1, 002, 0(X) 

4, 701, 000 
2, 193, 000 

11,362,000 
7,000 

229,000 
7, 996, 0(X) 
6,S42,0O0 

200,000 
4, 9»9, 000 
3. 332,IXX) 
3,403,000 I 
l,S24.0fl0 

669.000 



193S 



14.763, 000 100,3,33,000! fl6,'298.000 



$21. 000 
215. 000 
70. 000 
2. 222. 000 
SIX). (X)0 
47.5. (XX) 
I. 101. (XX) 
14. 4H 1,000 
432, (X)0 

1, 201, 000 
2,787,000 
6,831,000 

11.740.000 
114. 000 
42. 0(X) 
24. .5.56, 000 

2. 834. 000 

34. 000 
13. 874. 000 
1, 767. 000 
651. 000 
4. 787. 000 
90.3. 000 



91,298.000 i 315,753,( 



Total 



2.642,000 
14, V&M 
720,0110 
19,747,000 
34,964,0(1 
43,281,00) 
l,54<,fl«) 
i313,[tl> 
18, 988, W 
1S,591,WI 
42, 769, m 
239,011) 
1,821,0110 
32,812,000 
17, 126, IK* 
834,000 
28,173,P, 
8 , 099,000 
6,278,(00 
12,411,000 
5,226,000' 



their \ 
been/l 



Sff.tA makinK estimates of croii loses 
s^^M^err^MSh" 

sho^vISin fiiilrr P-iod 1929-38 are' 

in^oi^fca^ amSts^T^m^^^^^^ and pasture, Fi 

revere oulhT^^i,rk^;''Z^,^<^'?'^ """"^ extreraelj 
blowing, whieh JyT5ptdS,'ffi T^S^C^^. ^'"'""^ "' j 

icn 
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FinuHB 4. — Grasslioppor clmnaKO in inillioiis of dollars from 1929 V) 1988. 




KUBE 5.- Grasshopper dainajfe to raiigo gra.«i8. Note the sliortiicss of the grans, 
Uie lack of socfliiif?, and bare si)ot8 excei)t where craina grafls was protected by 

SCrCOIlillg. • I r, r, r J 



HOW GRASSHOPPERS INJURE CROPS 

Some grasshoppers arc limited to a single food plant, but the kinds 
at attack crops have jiiore general food habits, and when food is 
aree tlicy will eat a wide variety of plants, shrubs, and tre^-s. After 
^\\} K™*^*^*"? liave been destroyed they frcq.ucntly cat tho leaves 
<i bark of dccitkioug'trc«s {8g. 6), iwid oeom^itilly foed on imm, 
s, and spruces. ' ' 
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Staple crops, such as small grains, com, cotton, and alfslfa maJ 
be entirely devoured, even though nearly ready for harvest. Serioi 
losses may result even when grasshoppers are present in numbers' 
suUicient U) eat only a small part of the host plants, wliicli they sceul 
to delifrlit in attacking at their most vulnerable points. Grain heads 
flax bolls, and cotton bolls may be bitten off and the yield greatlvi 
reduced even though the rest of tlie plant is only slightly injured'i 
Corn silks are relished, and when they are eaten in the early stacJ 
pollination and the filling of the ears arc prevented (fig. 7X FlowS 




FiGUKE C. — Jloxcldcr tree iii inidsuniiuer after grasshopper attack. Note tliati 
even the bark has been eaten from some branches. 

of alfalfa and swcctclover are preferred to the fohage, with resulting 
heavy losses to beekeepers and seed growers. 

Young grasshoppers are as voracious for their size as are the adults; 
and snice they hatch about the time spring crops are planted and the ) 
adults persist until fall, there is no part of the growing season xlaat* 
crops are unmune to attack (fig. 8). I" 

PRINCIPAL KINDS OF INJURIOUS GRASSHOPPERS 

Eveiy State within the regions subject to outbreaks contains at 
icfist a hundred different species of grasshoppers, some very rare,| 
otliers fairly common, and a very few that occasionally become 
abundant enough to injure crops. At least 90 percent of all grass-j 
hopper damage to cultivated crops in the United States is caused) 
t)y a small group of five species. These are the migratory grass- 

/^PP';- J ^ •T.^^^if..™^^^'^*^^^ (Sauss.)), the differential grasshopper 
[M. (hfferenttahs (Thos.)), the two-striped grasshopper (M. bivittaius 
^bay}), the red-legged grasshopper {M. femur-rubrum (Deg.)), and' 
the cl«ar-winged grasshopper {Camnula peUucida (Scudd.)). 
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Tlie iniKrntory grasshopper (fig. 9) is raddish brown vvitU an 
;j! lar black ^atch on the neck or collar and »s ftbotit 1 uwl. u, 
IS Although comparatively smftll, it is a strong fhw and some- 
times gntliers in great swarms 
which migrate long distances, 
injuring crops wherever thc;>' 
pause in their flight. It is 
found throughont the United 
States, but is most abundant 
in the uortheriv Great Plains 
and the Rocky Mountain and 
Plateau States. It prefers well- 
drained, light soil and sparse 
vegetation for its brooding 
^ound. The migratoiy grass- 
hopper is similar in most re- 
spects to the lloeky Mountain 
locust, or grasshopper, which 
rav^ed Western States years 
at!o. The latter had longer 
wings and stronger powers of 
flight, characteristics which sev- 
eral species of grasslioi)iiers arc 
known to develop during pon- 

nds of great abundance. The 

term "locust"' was applied be- 

rauRc of the similarity of the 

habits of the llocky Mountain 

grasshopper to those of the 

locusts of the Old World. In 

most parts of the world the 

term "locust," or its equiva- 
lent, is used to designate grass- 
hoppers that migrate in swarms. 

Thus the same species may be 

agrasshopper during its periods 

of small numbers and a locust 

when it is extremely abundant. 

In the United States cvciyone 
1 understands the term "grass- 
hopper" as commonly used. 

It is less confusing to use the 

one term rather than to chauge 

to locust when grasshoppers 

fly in swarms. Another source 

of confusion is the fact that the 

17-ycar cicada and its relatives, 

■vhich are quite different in- 
.scets, are popularly known as 

loeiists. 

The difTereutial grasshopper 
(fig. 10) is yellow, with con- 
trasting black inftrkings and 




T'iouhe 7.— Kar of com which (hd not fill 
because grasshoppers cut the .silks be- 
fore pollination was completed. Yields 
are often greatly reduced even though 
th« hseivm fcre mily «ghMy clMtiAgMi'. 
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clear, glassy hind wings. The hind thighs bear distinctive black bars 
arranged like chevrons. It is a large grasshopper, nearly 1}^ inches 
in length. Ordinarily it is a weak flier but, when extremely abundant 
sometimes becomes migratoiy in habit and maj' fly long distances! 




lojiRE 8 —Grasshopper damage to young wheat. Young grasshoppers invaded 
the field and ate the plants to the ground as they advanced. The farmer 
killed them with bait and saved the remainder of his crop. (Photoeraoh by 
courtesy of J. A. Munro, North Dakota Agricultural Experiment Station). 

It is seldom found farther north than the southern counties of North 
Dakota and Minnesota. It is found from the Atlantic to the Pacific 
coast but IS most injurious in the Groat Plahis, upper Mississippi 
Valley, and Southern States. It prefers heavy soil for egg laying, 




Figure 9.— The migratory grasshopper. Adult male. Twice natural size. 



alld soJbelilT"'^ vegetation for food, being particularly fond of corn 

conintJZ; wPr^ grasshopper (fig. 11) gets its luime from the two 

S h^ trf •''°^"*>^^ ^'^X'ZL^^'^^i"^ ^^^Sth of its back from 
the head to the wmg «ips. A® body color is greenish yellow, 
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It is 



.■ith contrasting black or b^o^vn markings and colorless wings 
Stlv smaller than the difTercntial grasshopper, but larger than the 
Oratory grasshopper, measuring about V, inches in length It is 
found from southern Canada to Mexico, cxecpt xn the South Atlantic 
States. It prefers lieary soife and succulent 'r«f»t*«»om'. 




FiGCRE 10— Differential grasshopper. Adult male. Twice natural size. 

The red-leggcd grasshopper (fig. 12) is reddish brown above and 
vellow beneath. Its hind legs arc usually tingc<l witli bright ro<l, and 
its wings arc colorless. It is smaller than the migrntoiy grasshopp»r 
and about three-fourths of an inch long. It oecurs throughout t4ie 
United States. ' It prefers low, moist gronud. Alfalfa is a favorite 
food plant. . r 

The clear-winged grasshopper (fif;. 13) is about the same size as 
the migratoiy grasshopper, measuring about 1 inch in length. Its 




Figure 11. — Two-striped grasshopper: Female laying oggs. 
^ Slightly more th«n nftkiral eiac. 

color ranges from yellow to brown. The under wings arc clear, but 
tlie front, or outer, wings are blotched with brown spots. It 

occurs in all the Northern States that border Canada from the Atlantic 
'o the Pacific, but is seldom found in more southern States. Its 
favorite habitats are mountain meadows, land from whicli_ timber has 
' WW removed, hay meadows, pasture*, and roadsides. It is prhfi»rily 
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a grass feeder, but when present in outbreak numbers is very destruc- 
tive to small grains. It is migratoi-y in habit, both iii the immature 
and adult stages. In some States it is oaUed tlie warrior grasshopper, 
beeause the yoang gra^hoppers frequently mareh in bands from one 
field to another. 

In addition to the speoies of grasshoppers that eommonly attack 
erops, there are numerous species that ordinarily feed on range and 
pasture vegetation and which, in times of food scareity, oecasionally 
attack erops. Fortunately most of the grass-feeding species are 
closely restricted in their feeding habits and only rarely attack crops. 



Figure 12. — Red-legged grasshopper. Adult male. Three times natural size. 

Among the most important range grasshoppers are the migrator)' 
range grasshopper of the Plains {Dissosteira longipennis (Thos.)), the 
big-headed grasshop])or {Aulocara elliotti (Thos.)), Ageneotettix deorum 
(Scudd.) (no eommon name), the lubber grassliopper {Brachystola, 
magna (Gir.)), and Packard's grasshopjier {Melanoplus packardii 
(Scudd.)). The last is a border-line speeies that eats erops, as well as 
grasses. _ The migratory range grasshopper is the most speetaeiilar 
and, during its rather infrequent outbreak periods, the most destruc- 
tive of the ran^e species. The young march in dense bands, some- 
times several miles long and several hundred yards in width (fig. 14). 



Figure 13. — Olcar-winged graf^shoppcr. Adult male. Twice natural size. 

The adults gather in swarms and frequentlv fly long distances. This 
species IS most abundant in Colorado, New M«sieo, Oklahoma, Texas, 
and western Kansas. 

SEASONAL DEVELOPMENT AND HABITS 

The grasshoppers that attack crops have similar habits and develop 
in much the same way. The eggs are laid late in the summer and fall, 
remain m the ground during the winter, and hatch during April, 
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Uav and June. There is generally only one generation a year, hut 
n more southern States and sometimes duniig nnnsually hot summers 
h the North early-laid eggs may hatch the same year they are hud. 
Voneof the species that attack crops are able to survive the wniter 
b the Great Plains e.xeept in the egg stage. However, there arc 
several species of noneconomic grasshopi)ei-s that hatch m the fall 
and pass the winter in the half-grown stage. These often move about 
during warm spells in winter and become nrtive very early in the 
spring, and are the cause of many misleading reports that grasshoppers 

are hatching. . , , . , , , . , . 

The egg-laying habits of grasslioppers difler and are important 
(rom the standpoint of control. The migratoiy grasshopper lays 
its eggs throughout grain and other erops and in idle land that htvs 
grown up to weeds. The differential and tvco-striped grasshoppers 
lay very few eggs within fields bearing crops, hut instead prefer sod 
and weedy ground bordering the crop upon which they are feeding. 
The clear-winged grasshopper hij's its eggs almost entirely in sod, and 
frequently selects for oviposition small areas, in which the eggs arc 
densely packed, females coming long distances to lay oggs in tixcse 
areas and then leaving to feed agivin. 

The eggs of grasshoppers are enclosed in sacs, or "pods," formed of 
a glutinous substance exrretcd by the female as the epgs are laid. 
The female thrusts hor abdomen, which is capable of considerable 

, extension, into the soil to a dcptli of an inch or two and starts laying 
her eggs at the bottom of the tunnel thus formed, which is then filled 
with eggs and sealed (fig. 15). The number of eggs in each pod varies 
with the species. The egg pods of the clear-wingod and inignvtory 
grasshoppers usually contain from 15 to 20 oggs, while those of the 
differential and two-striped grasshoppers have from 50 to 75. The 
number of pods laid by each female varies according to the species, 
the food supply, and weather conditions. A female migratory grass- 
liopperhekl in a cage laid 21 pods. Tlic two-striped grasshopper has 
heen known to lay 12 pods, and the differential grasshopper 8. 

The egg pods are very resistant to moisture and cold, and arc 
affected but Uttle by winter conditions if the ground is not disturbed. 
Hatching takes place in the spring, when air temperatures range from 
75° to 80° F. for several days in succession. Eggs of migratory and 

, two-striped grasshoppers have a more rapid rate of development and 

\ hatch from 2 to 3 weeks earlier than those of differential and red-legged 

;»grasshopper3 in the same locality. 

In contrast to many oth6r injurious insects, grasshoppers, when 
newly hatched, closely resemble their parents, excc])t for size and lack 
ofwmgs. There is no grublike larval sta^^e, nor is there anv resting 
or true pupd stage, such as that of butterflies and moths. The young 
grasshoppers are active and able to hoj) almost immediately upon 
emergence from the egg. They require from 40 to 60 days, depending 

. on weather conditions, to mature and acquire wings. During this 
tune they shed their skins five or sbc times. The cast-off skins are 
often mistaken for dead grasshoppers and frequently are the basis of 
Mstaken reports that grasshoppers are "dying by the millions." 
fne appearance of fully developed wings, except in wingless species, 
marks the final stage of growth, and the grasshopper is then ready to 

I Btete and reproduce. 



GRASSHOPPERS AND THKIR COXTROI. 



13 



HOW WEATHER AFFECTS GRA^iOPPERS 

Fairly dry, warm weather is favorable for prasslioppcrs; cool, wet 
mther with long periods of high humidity, is unfavorable. ^Bwly 

iitched'grasshoppers, like most young aninids, are delieate creatures 
nnd are difficult to raise, even in the laboratory^ ^vhen the most favor- 
able conditions known are provided. Unless they feed and their 
,li<^estive systems start functioning nonnally soon a-ftcr hatching, a 
liigh percentage of them die within a few days. Wofttlicr eonditions 
immediately after the hatching determine t-o a great extent the num- 
bers that survive. If hatehing is brought about prematurely by 
abnormally high temperatures early in the spring and this is followed 
by weather that is too eokl for general feeding, whieh begins at 70 1' ., 




FionRE 15.— Grasshopper eggs in soil. Their size can be judged by coinpariiig 
them with the 5-inch pencil. 



\ great numbers of them die. Unseasonably cool weather late in the 
.•spring after the normal hatch has taken place mav have a similftr 
; efat in reducing numbers. On the other hand, if the hatching of 
the eggs is followed by several weeks of eontinuonsly waim, dry 
«ather, the young hoppers get off to a vigorous and healthy start, 
und nearly all those that have hatohod snr\-ivo tlic critical early stages. 

Rainfall affects grasshoppers in a number of ways. ]Ieavy_ rains 
during or immediately following the hatching period may kill the 
, young grasshoppers by washing them into stroams or embedding them 
"1 wet soil. Periods of n wodc or more of continuously cloudy, wet 
^father, with the relative humidity close to the saturation point, arc 
worable for the development of bacterial and fungus diseases, whieh 
sometimes kill grasshoppers in large numbers. Total precipitation is 
'e* important in starting grasshopper diseases than continued cloudi- 
I* and high humidity. A fail of »or*Tftl in&hos of rwn in h tthf or 
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two, followed by bright sunshine, hiis little effect, while the same 
amount, or even less, scattered through a week of continuously cloudj 
weather may start an epidemic of disease. Wliile rainfall is generally 
detrimental to grasshoppers, the most cxferanc drought conditions are 
also unfavorable. Grasshopper eggs in some types of soil cannot 
hatch while it is extromoly diy and may become so shrivelled that 
they fail to hatch wlicu tlic soil is moistened. Drought conditinns 
may also reduce plant growth to sneh an extent that grasslioppcrs 
may starve. Even if they survive a ]>criod of starvation, their egg 
production may be greatly reduced by insufhcicnt food. 

Temperature is important in dctcnnining the number of oggs laid, 
High temperatures during the sumnicr and fall bring early maturity' 
and provide a long period for egg laying. Low temperaturee liave tlic 
opposite effect. 

An ideal season for the maximum increase in grasshopper numbers 
would be as follows: Cool, wet weather during the early part of the 
spring to prevent premature hatching and to insure an adequate food 
supply after hatelung takes place; several weeks of eontinuovisly warm, 
dry weather late in the spring to facilitate a coinplctc luitcli and 
optimum feeding conditions; a hot summer with sufficient rainfall to i 
maintain an ample food supply, but with no wet periods long enough 
to stimulate grasshopper diseases, and a late fall to insure early | 
maturity and maximum time for egg laying. | 
A season favorable for heavy mortality of grasshoi)i>crs would 
have the following chnriictcristios: Weather warm enough early in 
the spring to cause considerable premature liatcliing, followed by 
temperatures low enoiigh to prevent normal development ; a sliort 
period of hot weather late in the spring to insure complete hatching^ 
of the remaining eggs, followed by long periods of cloudy, wet wcftthof ^ 
favorable for grasshopper diseases; a cool summer and early fall to 
delay maturity and shorten the time for egg laying. 

^\ inter weather has little effect upon grasshopper abundance. 
Sound efjgs located in tlio groimd at the beginning of the winter will < 
nearly all hatch tlic following spring. 

NATURAL ENEMIES 

Grasshoppers liavc many natural enemies. vSome of these attack 
the immature and adult stages, wliile others pi'cy upon the eggs. Some ' 
of them attack at one season, some at another, but there is no period^ 
of the entire yoar when the grasshoppers or their eggs arc entirely | 
safe from their numerous enemies. Without the combined destruc- 
tive action of their natural enemies, llic artificial control of grasshop- 
pers by man would be much more difiicult and probably impossible. 

Some of their more important enemies are flesh flies, bee flies, 
blister beetles, ground beetles, spiders, hairworms, rodents, birds, and 
diseases. 

Flesh flics deposit active maggots upon grasshoppers, even while 
the latter are in flight. The tiny maggots work their way into the 
body and feed upon its contents, leaving the more vital organs for 
final feeding. There arc several f^cnerutions of flesh flies in a single 
season, and this allows tlieni to incrca.se manyfold in one summer. 
Wlicn flesh flies are abundant ^it^ frequently kill large numbers oi 
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«sshoppei^ by midsummer and infest so many of tho«e r^mnining 
^• Iw PP-P laving is greatly rcducc(l. , , . • 

tties S beetTcs, and carabid beetle, lay then- c-gs m the 
T.'r. o^rncishonncr ec^r pods, or even in them. The larvae, or 
sod close to JfasshopF^^ eg p , consume them 

eniueij. „rn<;<5linnT)er e<^es laid over large areas. 

FvoTi the largest grasshopper is securely bound wiUi 
SSSs a fe\rsecoills afte?^it becomes entangled in a 

*t .ome States hairworms are common parasites of grasshoppers. 
nLorni are ^^^^^^^ whitish, extremely slender worms, frequently 
EnTc Jed vithin the body' eavity of living grasshoppers. Grnss- 
tppers E infested may Uvo from 1 to 3 months >"tjtf|;,^<^tarde 
h their development, and the females are rendered sterile ^\ hen 
L worms complete their growth in the grasshopper, they kill it by 
fSTheir way through the body wall. They then ent«- the 

^footnd squirrels, field mice, and other rodents eat P^'^^f'^^PP^^ 
and d?gin the ground for their eggs. No figures are available ou the 
rcentage of eggs destroyed by rodonts, but it must be high as 
!Sence of their digging can be s«o» wherever grasshopper eggs are 

'YhSiireau of Biological Survey 1ms found that birds play an 
important part in the natural control of grasshoppers. All birch, 
except the strictly vegetarian doves and pigeons feed on grasshoppers 
and some eat the eggs after seratchmg them.from the ground B rds 
are of great value in holding grasshoppers in cheek when the latter 
occur in moderate numbers but cannot bo expected to prevent out- 
breaks entirely. It is often asserted by smeore nature lovers tliat 
recent grassliopper outbreaks are due to decreased numbers of game 
birds and songbirds. If their reasoning is correct, it becomes ciitTicult 
to explain the severe grasshopper outbreaks winch were common on 
the Great Plains 50 to 60 years n^o when game birds were far more 
plentiful than now and before the natural distnbut-ion of songbirds 
m been disturbed by agriculture. 

. ARTIFICIAL DISTRIBUTION OF GRASSHOPPER DISEASES 
\ INEFFECTIVE 

' Fungous and bacterial diseases at times destroy great numbers of 
grasshoppers (fig. 16) and have been known to terminate outbreaks. 
It has already been pointed out that fairly long periods of wet, cloudy 

• weather, with the relative humidity close to the saturation point, are 
favorable for their development. Unfortunately, these diseases do not 
flourish under the dry conditions which usually prevail dunn^ grass- 
hopper outbreaks, the idea of controlling grasshoppers by artihcially 
culturing and distributing grasshopper disease organisms has a strong 
appeal to the public, and some of its advocates become almost fanatical 
in their zeal for this method of control. Federal and State workers, 
during the period from 1895 to 1905, made many attempts to snreac 

, grasshopper disease by artificial cultures. They finally concludftd 



16 FARMERS' BULLETIN 1828 



that the diseases beeome active of their own accord when weather 
conditions are favorable and that they cannot be started, oven by 
by artificial cultures, when weather conditions are unfavorable 




nthin^^ \eectation. (Photograph by courtesy of G. A. 

Bieberdorf ana C, F. Stiles, Oklahoma Agricultural and Mechanical College). 

Similar experiments conducted during the same period in forolKn 
countnes gave similar results. More recently a thorough investi- 
gation by modem scientrfte methods was conducted in South Africa 
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determine tlic possibility of controlling locusts by distributing 
rfificial cultures of a fungous disease very similar to one that attacks 
fllcshoppers in the United States. After 2 years of study the invcsti- 
rator concluded that the chances of controlling locusts by this method 
m exceedingly remote. 

HOW GRASSHOPPER OUTBREAKS DEVELOP 

During grasshopper outbreaks a frequent and natural question is: 
ffheredid they all eomo from? It is difficult for the average person 
to comprehend the wide fluctuations in numbers that occur nuleae 
iie is aware of the potential reproductive capacity of gi-asslioppers and 
•lie many factors that cheek it duruig average years. 

The female of the common migratory grasshopper (Melanoplns 
umnus) has been known to lay 400 cg<rs during a single season. 
The more usual number, during an average summer, is about 200, 
ami perhaps onlv 40 eggs may be laid during an unusually cool year, 
h-ai thus be seen that 10 times as many eggs may be laid durhig an 
fitremely favorable year as in an extremely unfavornble s*««on by 
Itesamc number of grasshoppers. , 

It should also be pointed out that if the female of a pair of grass- 
lopperslays 200 eggs in one season, 198 ep:es or young grasshoppers 
mistdie before maturity if the adult population is to remain the same 
tiielollo\dng year. If, instead of only 2 adults surviving, there arc 
(1,6,8. 10, or perhaps 50, then the adult population the following 
vcannll be increased 2, 3, 4, 6, or 25 times, respectively. The major 
itural factors that keep grasshoppers from increasing at the euor- 
nous rate of which they are potentially capable arc unfayorjrt)le 
feather conditions, lack of food, and natural enemies, including dis- 
use. Assuming that half the eggs were dcstroved by predators, that 
klfof the young grasshoppers from the remaining eggs died shortly 
j alter hatching because of unfavorable weather, and that half of these 
I smivors starved to death, there would still be 25 adults inste«d of the 
t asglepair that produced the 200 eggs the preA^ious year. It can thus 
keeasily seen that if natural enemies fail to destroy tlvoir usuaJ quota, 
iiweather is favorable and food ample, enormous ihereases in graes- 
kopper numbers arc possible in a single year. 

Outbreaks arc ordinarily preceded oy several years _ of gradual 
.increase in grasshopper numbers followed by a year that is unusually 
•brable. This results in a pyramiding cftcct, which produces 
^jl^astonishmg numbers during tho first year of the outbreak. At the 
f bi point between outbreaks less than 1 grasshopper per square yanl 

s generally present in crops and other favorable habitats. ^Vhcu 

auditions become slightly more favorable there may be 2 per square 
j Jfd. Then may come a year when numbers are cioublcd and there 
Infill be 4 per square yard, which is not enough to injure crops or 

•ttract attention. The following year may again result in twice the 
'(Pupulation of the previous year and still there would be onlv 8 per 
■ square yard, which is enough to cause slight injury to crops, but not 
\ Jttough to cause much comment. If the next year conditions arc more 
i "Torable than in previous years, and numbers instead of being 

wbled are tripled or quadrupled, tlierc will be 24 or 32 craeshoppcrs 
I square yard, which is enough to injure crops sevorMy and to be 

Mttsidfired Ml outbreftk. Tim intcnfflty of tlio ontbiiSRk deptto^ 
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largely on the rate of uiercase during the final year. It has beejl 
shown that inereases of eon&iderably more than 4 times the number 
of the previous year are possible. An inerease of 10 times in the 
illustration just used would result in 80 grasshoppers per square yard 
and this is not unusual during the most severe outbreaks. With suci 
numbers present, erops and native vegetation may bo entirely de. 
voured if man-devised eontrol methods are not employed. 

^Vlieu an outbreak subsides there is generally a sudden drop to 
nearly normal numbers. This usually occurs following a year when 
weather conditions were highly unfavorable for the survival of young 
grasshoppers and for egg laying by adults and at a time when parasitesi 
aud predators have reached maxunum abundance. 



HOW TO CONTROL GRASSHOPPERS 

When grasshoppers become noticeably move than normally abun- 
dant, immediate action should be taken to control them, even though 
they are doing only slight damage to eroijs. Prompt use of control' 
measures at tliis stage by all fanners ^dthin a community or county 
offsets the natural factors that are permitting the increase and may 

Brevent the grasshoppers from rencliing the serious outbreak stage, 
'nfortunately it is extremely difficult to persuade fanners to fight I 
grasshoppers until their crops are seriously threatened. Their incl- 
nation is to wait and see what happens, meanwhile hoping that 
nature will come to their rescue, as it sometimes has in the past. More ^ 
frequently the grasshopper population increases manyfold the follow- 
ing year and requires a much greater expenditure of labor and moner 
for control than would have been neeessarv if action had been taken the 
previous year. If the wait-and-«ee attitude of the farmer could be 
overcome, it would eliminate one of the greatest difficulties in grass- 
hopper control. 

Whenever grasshoppers increase to such numbers tliat control is I 
necessary, main dependence should be placed on destroying the young i 
and adults with poisoned bait and the use of tillage and seeding ' 
methods that either destroy the eggs or prevent the emergence of 
newly hatched grasshoppers from the ground. One mctliod supple- 
ments the other, and both must be used if successful and ceonoimcal 
eontrol is to be attained. 

POISONED BAIT - 

The use of poisoned bait has proved to be a simple, reliable, anff 
cheap way of killing grasshoppers. In the United States, Canada, 
wid many other countnes it is recognized bv entomologists as the ' 
standard method of eontrol and has replaced"^less effective methods, 
it lias been used successfully by farmers in the United States for 
many years. Dunng three of the larger eontrol campaigns a milHon 
tarmers spread a quarter of a milhon tons of bait on 65 milUon acres 
and saved crops valued at $328,000,000. 

MATERIALS RECOMMENDED 

Many materials have been used more or less successfully in making 
FS'lr I li^'l grasshoppers. Availability, cost, and relative 
eflieieney slwuld be considered in making a selection. Experience 
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gained from the cxtonsiyo farm use of graaslioppor bait in recent out- 
breaks and from experimental tests indicates that sawdust can be 
substituted for much of the bran prcvioiisl}- i-ceomniendecl and that 
grasshoppers in most cases are attracted to tlic bait witJiout the addi- 
tion of molasses, amyl acetate (b*«i8ua oil), citrous fruits, or otJwr 
strong-smelling substances. 
The following bait formulas twe recommended, iu tlic order liste>d: 

MILL-RUW BRAX AND SAWDUST 

Mill-run bran, mixed feed, or sliorts pounds 2") 

Sawdust (3 times bulk of mill-run bran) buslicls . 3}^ 

Liquid sodium »rscnite (32fpcrcent arsenious oxide) Ballon J j 

Water gallons .10-12 

The millfeeds recommended in this formuhi contuin considcmbJe 
quantities of flourlike material mixed witli flakes of wlicnt bran. 
When moistened by the solution of water and sodium nrsonitc, the 
fifler material forms a poisoned paste which coats the sawdnst par- 
ticles, Grasshoppers relish the flour paste, both for its food value and 
forits moisture content. They gnaw and chew the sawdust to ol)tain 
thepaste and are killed by; the i)oisou it contains. The sawdnst is not 
eaten after the flour coating and moisture hiivo been completely re- 
moved. The flakes of poisoned bran usnally are oiitirolv ooitstiiuod bv 
feeding grasshoj)i)ers. 

Thismi.\'turo has been used in the extensive grasshopper campaigns 
ofrecent years and has given excellent control at low cost under varied 
conditions in the western half of the United States. Its large content 
ofsawdust greatly improves the spreading quaUties of the bait, an<l, 
iicombination with millfeeds other tiian pure bran, greatlv rednccs 
"ic consumption of feed materials in baits. As a rosult. there is less 
lislnrbaiiee of the niillfeed market during seasons when large quan- 
tities of bait materials arc being purchased. 

STANDARD BUAN- AKD SAWDUST 

Standard wheat bran iMinnfU r.n 

awdust (equal to Iwau in balk).... ■ ' " Chcls" 2V. 

liquid sodium arsenite gallon : : it 

---- ---- Rations 10-12 

Standard bran does not contain as much flonriike matcriiil at; uiill- 
, ran bran and other more finely ground millfeeds. 1 1 doos not oo«t the 
r U7 .J'^''''?'^ ^° thoroughly, and the killing action is obtained 
my through tlie consumption of poisoned bran flakes. The saw- 
oust acts mamly as a dduent and prevents Ininping. This mixture 
s been widely used with good success and is recommended where 
"temillfeeds are difTicult to obtain. 

Hhere sawdust is not available, an additional 50 r)ounds of wheat 
fraj may be substituted for it in the above formula, but at an iiioraaae 

, L.0W-ORADE FLOUR AND SAWDUST 

™-grade flour. ■ ,„ 

imJr^ •'•'•'^to'Kio imuuLT of bra,o::::::::::::::::{;uXnH:: 

^mtodmmar.sen.te ._ gallon.. ^ 

- gallons . 10-12 

tot^')'"^-*'^ grasshoppers when this bait is used is due entirely 
™eir leedmg on the paste-covered sawdust particles. This bait 
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has given good results In expcrhnctnl tests conduptcd over a period 
of several years and has been used in several county-wido graashopper- 
eoiitrol campaigns. It is rccoinracnded where eoarser millfoods are ' 
not available or are unusually high in price. 



MOLASSES AND SAWDUST 



Sawdust (equal in bulk to 100 pounds of braii) bushels.. M 

Molasses (low-grade cane or blackstrap) gallons.. lU 

Liquid sodium arsenite gallon.. y. 

Water gallons'! 10-12 

The killing aetion of this mixture on grasshoppers results from their 
eating the sticky coating of poisoned molasses adhering to the sawdust 
particles. This bait frequently has given as good kills in expcrimcntel 
work a« tiro millfced baits, but generally was slightly below them in 
killing power. It is reeommended only when othei- materials are uot 
available. 

POISONS 

Liquid sodium arsenite is the eheapest and most satisfactory poison. 
The so-called 4-pound material containing 4 pounds of arsonious 
oxide (32 percent) to the gallon is usually available eommercially. 
One-half gallon is used for each 100 pounds of bran or equal bulk of 
sawdust. This quantity is considerably in excess of the actual 
roijuircmcnts for killing, as good kills have been obtained with half 
this dose, but the grasshoppers die more slowly, and great care must 
be taken to distribute the smaller dose evenly throughout the bait. 
The greater quar\tity reeommended gives maximum kiUing action 
and provides a margin of safety in mixing. The use of doses larger 
than those rccoaimendcd docs not further speed up killing action or 
increase the total kill. 

Finely divided crude arsenic, obtained from copper smelters, can , 
be substituted for liquid sodium arsenite. Five pounds should be 
used for each 100 pounds of bran or equal bulk of sawclust. Crude 
arsenic kills more slowly than sodium arsenite; it docs not dissolve ' 
in water, and more labor and care are requircil in mixing it to obtein ) 
a uniform distribution of poison throughout the bait. 

Paris green used at the san>e rate as crude arsenic givos equally 
good results but is more expensive. 

Sodium fluosilieate, at the rate of 4 pounds to 100 pounds of bran ^ 
or oqua-l bulk of sawdust, has given cxeellcnt kills in experimeutal^j 
work. It is less to.xic to animals than arsenic, and its use would > 
lower the hazard of accidental livestock poisoning. It costs more f 
than either liquid sodium arsenite or crude arsenic. 



SAWDUST 

Either hardwood or softwood sawdust may be used. Coarse-sawn 
dust is not so cfTeetive as the finer dust. Coarse material can be | 
greatly improved by running it through a hammer mill. Sawdust 
that has remained in the pile for several years has softer fiber, is , 
rnorc absorbent, and makes a better bait carrier than the firmer par- 
ticles of new sawdust. Fresh sawdust from extremely soft woods, 
such as poplar, may be used without ageing. Any bark, sticks, large 
chips, or other useless material should be removed by screening. I 
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SAWDUST SUHSTITrrKS 

In localities whore sawdust is sciiroo and tlio cost of sliipniiitr is 
prohibitive, an oqiiiil bulk of some other diluent iiiny bo substitiftod 
for the quantity of sawdust rceoinmoiidW iti the vnrious formulas 
Corncobs ground to the oonsistcucy of eoai-Se bran lia\ e been used 
extensively in Illinois, and in the Southern Stiites ground eottonseed 
hulls have given exeellent results. In experimental work conducted 
by the Nebraska Agricultural Expeiiment Station, cornstalks ground 




FiouKE 17 Mixing poisonc-d bait by hand in a inixitiK box. (Photograph by 
boil Conservation Service, U. S. Department of Agriculture. 

ma hammer mill were substituted for sawdust without redueing the 
etlectivcness of the bn-it. 

MIXING THE BAIT 

The bait can be niixcd by hand on a tight floor or in a wagon box or 
^ muar container (fig. 17). In mixing sawdust aiid millfeed bnits, the 

equircd quantity of sawdust should bo spread out evenly over the 
"oor to a depth of 6 or 8 inehos. The millfeed should then bo scattered 
unilormly over the sawdust and the two ingredients thoroughly mixed 

y turning with shovels. If one of the arsenic prepiiriitions or ])aris 
tlin"'^ 'Vi''^^^^' rf"q"'''p<l quantities of water and poison arc mixed 

lorouglily m ft large e<Mi or bftrrel. This mixture is tliMi splik^i^d 
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over the dry ii^edients in three appHcations and the mixture turned 



green is used the hquid must Ke vigorously agitated just before eacli 
portion is removed from the container, as otherwise the heavy in- 
soluble poison settles to the bottom and an uneven mixture may result, 
Sodium lluosilieate gives best results when it is thoroughly uuxed 
with the dry ingredients before water is added. 

Twice the quantity of materials listed in each formula is about all 
that can be mixed in a wagon box at one time, but on a floor where 
there is plenty of room the quantity can be doubled again. Good 
results depend on mixing tho mash thoroughly until it contains no 
lumps, and is uniformly moist throughout. The quantity of water 
needed will vary somewhat aeeordmg to the condition of the sawdust 
used. It is desirable to add as much water as the bait will absorb and 
still fall in individual flakes when scattered by hand. A good test for 
correct moisture content is to squeeze a handful of bait. If it drips 
moisture freely when lightly gripped, it is too wet. Properly moistened 
bait will drip only slightly when pressed firmly in the hand. 

In county-wide campaigns where many tons of bait must be mixed, 
the best results can be obtained by establishing a central mixing sta- 
tion. A small crew properly supervised and using mechanical bait- 
mLxing maeliines can prepare a more imiform bait at less cost than it j 
can be mixed by hand on mdividual farms. i 
Many kinds of power mixers have been tiscd. Some of tho more I 
common types are revolving boxes and ehums, concrete mixers, and J 
stock feed mixing equipment. The particular type to be selected in ' 
any community depends on available funds, equipment on hand, and ' 
the volume of bait to be mixed. Chums of the revolving-drum type> 
and small concrete mixers are satisfactory when the quantity of bait 
needed docs not exceed approximately 25 tons per day. Large con- 
crete mixers of the batch type (fig. 18) or specially constructed large 
mixers which can be kept m continuous operation are desirable if a 
daily capacity of more than 25 tons is needed. 

The selection, construction, and power requirements of large bait- 
mixing outfits and the arrangement of the mixing stations arc problems 
that usually can be solved most successfully by the best mechanic in 
the community, working in close cooperation with the county agri- 
cultural agent. The following basic requirements should be kept in 
mind: . 

(1) Facilities for thorough mixing of ingredients in exact pro-\ 
portions. — Agitation within the mixing chamber should be sufficient 
secure a uniform mixture of the dry ingredients within an operating' 
period of 5 minutes and to moisten every particle within another 5 
minutes after the diluted poison is added. Chutes or hoppers of 
kno\vn capacity whicli can be loaded and emptied directly into the 
mixing chamber aid in securing the correct ratio of dry materials. 
Calibrated tanks or vats in which the proper amount of poison can be 
measured and diluted with the recommended quantity of water and 
from which exact quantities of the resulting solution can be discharged 
directly into the mixing chamber, are a great help in obtaining a uni- 
form distribution of poison throughout the bait mixture. . , 

(2) Facilities for saving labor and speeding production. — Careiui 
irianning of the mixing station fts R^ards storft^e of supplies anoj 




When either crude arsenic or paris 
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nixed bait nud tlic location of mixiiifi; iiinchiiiory is iiocossiirv to 
iecurc maximum cfTioicncy. If a hiiililing is nviiilfthlo who.ro imfoii<l- 
ing of supplies find loading of mixp«l bait can bo done on two dif- 
ferent floors, uiuph hand labor oaii be saved by storing Bupplio« 
3n the upper floor and allowing tliMn to travel by gnivity to iiidHsuriu(; 
chambers directly above the mixin<^ luncliincr}' on tlie floor below, 
[f operations arc limited to the groimd floor, or if mixinp is «l()nc out- 
doors, bait materials sbould bo stored as close ns possible to the 
mixing unit. Meclianicnl carriers arc sometimes use<l to elevnto dry 
ingredients into measuring chambers above tho mbcers, and drunw of 
sodium ivrsMiito are plaeed on eJevatod platforins from wbicdi the 
liquid poison flows by gravitj* into tonks noar the mixinii; chflmb«r. 




FiocRE 18. — MixitiR |>oi«onc<l bait in a coiicrcto inixrr of llir Imtrli lyiK". Note 
mechanical cleviitor for carrying incasurcd quantitiea of niillfccd iind san'riust to 
the mixing chanil>er. 



Water for diluting the poison can be pipo<l (Hreotly to tho tank in 
™ch the poison is dibitc<l^ nud the rosulting solution can be dis- 
charged by gravity dircct4y nito Ui© mixing compartnjont. 

Loading the mMisiirin^ compartments above tlie mixer with all the 
materials neoded for tho following batch of bait, while the niixor is 
agitating one batch, nmlorially inrroasos the daily production. Tho 
■Mxing chamber should be constructed so that "it can he emptied 
i^ithin a few seconds after agitation is completed. If mixed bait is 
i"iiptied into a hopper loading into one or more baeging chutos it 
can be sacked with much less labor tlinn when it is dnmpad on t-hc 
floor and then shoveled into sacks. 

(3) Health and property safeguards. — Mpcbanical dpricoK vrhich 
reduce the handling of poisons and mixml bftit io a minimum, lower 
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the liability tlmt mixing-station wcm^mt! will be iiijur»(l by too fre- 
quent contaet with poisonous materials. 

Possible theft of supplies, unauthorized loading of mixed bait, and 
access to dangerous materials by eliildren and livestoek siiouid be 
guarded against by locking tlic building when the mixing plant is not 
operating. If the mixing plant is in the ojjcn, it siiouid be tigiitly 
fenced said the gate to the enclosure locked wiien the plant is closed. 

METHODS OF DISTRIBUTION 

The prepared mash should be thinly and evenly scattered over 
infested fields at the rate of 10 to 15 pounds (wet basis) per acre. It 
is most commonly spread by hand (fig. 19). Evciy precaution should 




Figure 19.— ^reading bait by hand for grasshopper control. 



bo taken to sec that it falls apart into flakes. Casting it into the 
wmd with a snap of the wrist lielps to ftccomplisai this. Sev»ral adsts 
should be made with one handful of bait. 

If large quantities of bait are to be distrihutod, scattering it from 
the rear end of a wagon or truck (fig. 20) permits two men to scatter 
it at one time as the veiiirlc is (Irivcn slowly over the field. One man 
seattenng from a wagon can cover 10 acres per hour; two men in a 
truck can cover 20 acres. An end-gate seeder can he used, but it 
must be carefully wateiied and not allowed to clog boeause of too- 
rapid feeding. 

Recently a mnnbcr of inexpensive home-made or locally made bait- 
spreading machines have been developed with which from 30 to 40 
acres can be covered in an hour. In one of the better tvpes a circu- 
lar sheet-iron disk 3 feet in diameter is mounted on an upright shaft 
so tbat the disk is 5 feet above the ground. The disk is fitted witli 
radial blades about 2 mehes high and is wliiried rapidly by power from 
traction gears or a motor. Bait from a container mounted above is 
led automatically upon the revolving disk and, when struck by the 
blades, is thrown with groat force in a swath 30 to 40 feet wide", fall- 
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intr in evenly distributed flnkos. WcKkitif pfoinc and spccifientious for 
bait spreaders ean bo obtained from tlio IlurPBii of Kntoniolog^' and 
Plant Quarwitino and from sonic of tiic jigrioidturnl colloges in the 
infested area. Fifiviro 21 shows a type of spro»dor that can bo made 
by utilizing the rwir end of an old automoirile for both support and 
power, the original drive shaft serving to operate Uio lar^ puUey, 
whichis belted to a small pulley under the disk. 

The use of mechanical sprea(Foi-s deerciises the cost of spreading the 
bait and makes possible the treatment of large ncrcagoM during; tlio 
comparativdy sltoft f>w-ied of Um> dfiy f»TciriU>la to iMut «{i«rwKltii{(. 




Figure 20. — Scattering bait from tlie ronr of a, inotorlruuk. (I'hoiuKraiih ljy 
courtesy of C. J. Drake, lown Agricultural Kxporimrnt Station.) 



Where the terrain pormita and whpre largo, uniformly Infested aratie 
are to be treated, scattwing by airplane is practical. Airplanes fitted 
mthspeciid equipnipnt can cover 100 to loO iicrps iin hour. Tlieir use 
in the United Stat-es has not been extensive because all nvailable funds 
jorgrasshopper control arc penernlly expended for materials, and the 
labor of spreading is usually provitled by tlic landowners or tenants. 



TIME OF DISTRIBUTING BAIT 



The best time to put out poisoned bait is while the gra.sshoppers arc 
on the ground, doing their first feeding of tlic day. This occurs as soon 
after sunrise as the air tcmneraturc readies 70^ to 80° F., usually 
petvvecn 6 and 10 n. m., but if it is cold or cloudv early in the morning 
It may take plaec later in the day. The bait should not bo scnttercxl 
TOcn the temperature is bolotr 70° at ii-bove 85° or if there is prospect 
of rain within a few hours. Cloudy twid wintly weather lire also 
unfavorable for feeding. An c«aT way to deterinino whether eon- 
clitions are right for bait spreading" is to' scatter a few handfuls of bait 
Were grasshoppers arc thick, and to observe them carefully for several 
minutes. If feeding on the bait begins at once, spreading should bo 
continued. If grasshoppers refuse the bait, spreading should be 
aelaycd until more favorable conditions prevail, Sprpadiug the bait 
When conditions are not right for fcetling is the most common reason 
lor poor kills a.nd frequently roHultH in wasting large ((iiantitioA of Imh. 
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Newly liatehed grasshoppers usually remain for some time eongre- 
gated on their hatching grounds. If possible, they should be poisoned 
while they are still confined to these places or befwe they have 
invaded crops. While bands of young grasslioppers are migrating 
good kills can be obtained by spreading strips of bait across their line 
of march (fig. 22). 

It is important to realize that the use of poisoned bait is far more 
effective when young grasshoppers arc concentrated on headlands 
or in the margins of fields than after they have increased in size and 
are dispersed mm m mtire field. B«€i^ grasshoppers before they 




^'aXmnkiilln^wW I'Vr' ^"\\ .that utilizes the rear end of a discarded 

attack or when they first invade crops, is one essential of a successful 
eontro campaign Larger immature grasshoppers and adults are 
easily killed with bait after they have invaded crops, but much more 
bait and labor arc required. One liumlred and fifty pounds of 'wet 
bait spread over 10 acres may not kill as many large grasshoppers in 
crops as 15 pounds spread over 1 acre when they were small and densely 
massed at the field margins. 

Grasshoppers do not die immediately after they have eaten the 
poisoned bait. The poison may require 3G hours or even longer to be- 
fln^^ffi ^ efi-ective It makes them sick within a few hours, and they 
do little damage after having eaten a fatal dose. Sick grasshoppers 
n^n^f"" 1 T^^ «ioisture and frequently die in great numbers under 

n^^o! T 111" '''^''^.^ Careful exftmmatioii of such 

places should he made in judging results. 
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PRECAUTIONS NECESSARY IN HANIM.1NG ARSENIC AND POISONED BAIT 

Unless roasonablc prccnutions arc taken by porsous ciigagcil in 
mlxinf and scattering grasshoppor bait, arsenical injury may result. 
Crude'arsenic is a fine dust that rendily rises and floats in the air, and 
when mixing is done indoors it frequently impregrnitcs the elotliiiig 
and comes in contact with the skin of workers engaged in mixing bait. 
Continued contact with arsenic may ciuise acute skin irritation. To 
prevent this, the followiufj simple precautions arc rceomniendod: 

(1) A complete change of clothing and a bath aft-or oach day's work; 

(2) daily wasliing of garments worn while mixing bait; (3) wearing 




tiGORB 22. — YouDK graiwhoppcr:^ ma-iscd on a strip of poii)oue<l bait spread 

their line of inarcli. 



outer clothing that consists of firm-tcxtirre covoralls, heavy shoos 
(notoxfords), and gauntlet-typc leather gloves, with soft cotton glovae 
inside. The coveralls should be fastened tightly around shoe toi>s 
™wists and should have pockets sewed shut. 

Men Hquid sodium arsenitc is used there is less danger of skin irri- 
tation during the bait-mixing process, but continued contact with the 
pioist bait may result in burns if workers arc careless. For workers 
m mixing stations where liquid sodium arsenite is used the following 
precautions are recommended: (1) Gren«c the hands frequently with 
petrolatum, lanolin, or axle grease and work it under the fingernails; 
l^J wear heavy rubber or well-oiled leather gloves; (3) when lifting 
sacksof wet bait wear waterproof aprons; C4) if clothing becomes dninp 
irom contact with bait, remove the clothing and wash it thoroughly 
oeiore wearing it again; (5) bathe Uie entire body thoroughly ftftor 
each day's work. 
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Regardless of precautions, some workers are sure to be careless, and 
oeeasionally inflammation and burning of the skin occur. Slight 
irritation usually can be relieved by treatment with powdered zinc 
oxide, calamine lotion, or a saturated solution of sodium thiosulfate 
(photographer's hypo). Cuts and bruises are irritated by arsenic 
Tliey should be cleaned with sodium thiosulfate solution, followed by 
alcohol, and then covered with gauze bandages. Any cases which do 
not respond immediately to ordinary treatment should be referred to 
a physician. 

In spreading bait, long-continued handling of the wet masfi may 
result m irritation of the hands, particularly underneath the finger- 
nails, and inflammation of the lower abdomen and legs niny occur if 
olothing beoomes dampened by contact with the sack or pail in which 
the bait is carried. Greasing the hands, working the grease beneath 
the fingernails, wearing a canvas or rubberized apron, and avoiding 
dampemng of the clothing by contact with the bait will prevent such 
cffcets. After spreadmg is finished, the hands should be thoroughly 
washed with soap and water; if clothing has been wet by contact with , 
the bait, the entire body should be bathed. Bait spreading is done 
every year by thousands of farmers, and to date no cases of serious 
injury have been reported. ' 

Mixed-bait containers should be labeled "POISON" in large letters, 
The bait should never be left on wagons or trucks where horses or 
cattle can break open or lick the sacks containing it, and it should be 
stored in a building inaccessible to livestock and children. 

Liquid that may srcp from stored wet bait or washings from drums 
that have contained liquid sodium arsenite are a serious menace to 
human beings and livestock if allowed to stand in pools or to drain 
into wells. The best way to dispose of any poison liquid that may 
accumulate is to dip it up and empty it into the next batch of bi.it 
that IS mixed. Ground that has been soaked with Kquid poison should 
be plowed or turned with a spade after bait mixing for the vear is 
completed. 

Poisoned bait scattered in flakes is never picked up by livestock in 
sulheicnt quantities to cause poisoning. AVhen bait is scattered at 
the recommended rate of 15 pounds of wet mash per acre, less than 
halt a pound of arsenic (AsjOj) is spread over 1 acre, and less than a 
quarter of a pound if hquid sodium arsenite is used. To obtain a 
tatal dose, a horse would have to cat every bit of bait on 575 square 
yards and a sheep all the bait on 145 square yards. Considering the , 
dittieulty that the animal would have m finding the small flakes of 
bran and sawdust and the fact that where properly scattered much 
ot the bran IS eaten immediately by grasshoppers, the possibility of 
livestock poisomng is exceedingly remote. If it is scattered in lumps 
and m larger quantities per acre than those recommended, animals 
may eat it with disastrous results. Farm animals have been killed 
by uncovering and catmg left-over bait that had been buried months 
before m bulk in strawstaeks and in the ground. Unused bait stored 
on the farm has sometimes been fed directly to livestock by careless 
farm laborers. Poisoned bait remaining after the baiting season is 
over should be stored m a county warehouse or scattered thinly over 
tne ground m the same manner as when grasshoppers arc present, 
i he storing of unused bait on the farm during the winter months 
involves a hazard both to human beings and to animals. Sacks that 



GRASSHOPPERS AND THKIU COXTItOL 



39 



have contained tlio bait shoidd be retttmad 1® Uic oounty niixin<,' sta- 
tion or burned and the ashes buriod in Uie ground. Urnuis that liavc 
contained sodium wrsffliite should not be usetl for h*ulinjf w»t»r for 

Hvestock. 

GRASSHOPPER BAIT NOT DANGEROUS TO OAMK BIRDS AND SONGBIRDS 

Contrarj- to a widespread public iinprossion, game birds and song- 
birds are not endangered by grasshopncr-biiit-sprendiiig cauipaijjns. 

la Iowa, employees of the State college, the Biuenii of IMological 
Survey of the Uiaited States Departinent of Agriculture, niul the 
State "Conservation Commission, in cooperation witli the American 
Wildlife Institute, kept a close check on GOO farms dining the exten- 
sive poisoning campaign of 1936. Four Innidrwl farms were mode- 
rately or heavily baitwl, but not a single game bird, songbird, rabbit, 
or other wild animal was observed to have died as a ronult of Mtiiig 
poisoned bran or poisoned grasshoppers. Instead, it wns found tliat 
grasshoppers, where not controlled, destroyed the cover and winter 
food (weed seed, berries, etc.) of game birds, and the birds moved to 
other sections. 

During the extensive grasshopper-baiting campaign in SoiiUi 
Dakota in 1931 and 1932 thore were numerous rumors of birds having 
been killed by grasshopper bait. The Bur&nu of Biological Surray 
plami a man in the State during t-hc summer of 1932 to invo8t4gat« 
saoh reports and to clieck baited farms for sick or dead birds, but bo 
was unable to find an authentic case of poisoning. 

F.E. Whitehead, of the Oklahoma Agriculturnl ICxpcriment Station 
has made extensive experiments in feeding poultri', (pniil, and song- 
birds both grasshopper bait and poisoned grasshoppers. He found 
that it required a surprisingly large quantity of arsenic to kill such 
birds, and that even \thon they fed to capacity on bait or i)()ison(Hl 
grasshoppers they did not obtain a toxic dose. Even when domestic 
poultry were confined in pens where bait was scattered at the rate of 
100 pounds to the acre, or 10 times the amount us<m1 in gfrMRliopiicr 
control, and were given no other food, none died. 

During the extensive grasshopper campaigns conducted from 1934 
to 1937, county agents in every oounty where poisoned bait \va« u»«d 
were requested to watoli for and investigate anv reporttnl cmtm of 
killing of game birds or songbirds. Not n, sdugls proTod e««e was 
reported. 

TILLAGE AND SEEDING METHODS 

It is realized that in many localities, owing to soil and we«Uier 
conditions and the species of grnsshoppers present, some of t-ho cultural 
methods suggested below may not be npplicnhle. This may bo par- 
ticularly true ill areas where soil blowing is a problem. In such cases 
county agricultural agents and State college ngronomists and ento- 
mologists should bo consulted in <leveloi)ing a tillage and seeding 
program that will provide as much grasshoj)per control as is consistent 
J*ith approved local farming methods. ^\ here the grasshopper infes- 
tabon 13 severe enough to threaten the loss of an entire crop, it may be 
Mvisable to modify the usunllv approved cultural program so as to 
^^^^e advantage of all available measures for the control of grass- 

Several common tillage methods can be used to great advantage 
oetore and after the grasslioppers Imtck. Eggs cjmi bfc dNit«-oy*d or 
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buried so deeply that the newly hatched grasshoppers cannot reach 
the surface. Aiigrations of young grasshoppers can be restricted' bvi 
plowing or harrowmg. Correct timing and methods of seeding lessen' 
the likelihood of erop injury. Such praetiees may not eliminate the 
necessity for using bait, but they reduee the quantity required and 
the labor oseded in spreading it. 



PLOWING 



_ Good plowing with a moldboard plow to a depth of at least 5 
mches is the best known method of preventing the ejnergenco of youn" 
grasshoppers from the ground (fig. 23). In average soil and with fair 
moisture eonditious insignifieant numbers escape, even thou<'h the 
soil contains great numbers of eggs. Plowing with a disk or one- 
way plow is usually only half as elfeetive because the furrow slice is 
only partly turned over. Disk plows fitted with an attachment for 
turning the furrow slice more completely are satisfactory provided 
the upper 2 inches of soil which contains the eggs can be turned under 
to a depth of 5 inches. 

Fall plowing, when moisture conditions are favorable, is slightly 
more effective than spring plowing because rain and melting snow 
seal and harden .tlic upper layer of soil and make it more difficult for ' 
the young grasshoppers to oseape. Spring plowing, combined with 
pftcking, IS as effective as fall plomng and in many districts is a mucii 
more desirable practice from the standpoint of crop yields and pre- 
vention of soil blowing. If spring plowing is followed immediately 
by seeding_ with a press drill no other packing is necessary If a 
press dnll is not used or if seeding is delayed, packing is needed to 
close cracks and firm the surface layer. The eultipacker or the spike- 
tooth harrow is the best implement to use, from the standpoint of 
lirimng the soil and leaving the eggs deeply buried. Light, sandy i 
sod or heavy soil that is extremely dry cannot be packed firmly I 
enough to hold the young grasshoppers in the ground, and under 
such conditions plowang is not recommended. 

Grasshopper-infested stubble land which is to be summer-fallowed 
slimilfl be plowed before the eggs hatch, but if plowing is delayed , 
until after the young grasshoppers have appeared it can still be used 
as a means of preventing their moving to nearby crops. In this ■ 
case a barrier strip 4 rods wide should bo plowed around the entire 
Held If t us stnp is kept cleanly fallowed the young grasshoppers | 
can be held in the field for several weeks, and there may be timetoj^ 
complete the plowing before they leave. If the infested field is^ 
large, it should be divided into stnps and each strip then worked by 
plowing around the outside until only a narrow unplowed area in 
each remains. If plowing is done during cool weather or at night i 
Willie the grasshoppers arc sluggish many will be turned under and 
killed. Ihose that escape are forced to the unplowed strips, where ■ 
they can be poisoned with small quantities of bait. 

1 he tune dunng which young grasshoppers will remain in fields 

« r "l*'^'""^^ P'^?^®^ g^^i'd strips depends on the food , 
supply and weather conditions. "Where green food is scarce, the 
weather warm, and large numbers of grasshoppers are present, early 

i"^ ^1 expected. Unplowed fields, even though protected 
by guard stnps, should be carefully watched, and if bands of young 
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hoppers start to move out they shouU bo baited immediately. Every 
effort should be made either to complete plowing or to kill the young , 
grasshoppers by baiting before they develop wings and lly to crops. 

SHALLOW TILLAGE 

Shallow cultivation has long boon recommended for the destruction 
of grasshopper eggs, but it lias seldom given dependable control. To 
kill grasshopper eggs by such means, the eggs must be brought to the 
soil surface where they are exposed to the drying effects of weather. 
Under certain conditions oggs exposed in tliis way may be rendered 
unhatchable within a few hours, but under other conditions they may 
remain cxposofl for days or even weeks without harm and eventually 
become again covered by drifting soil or subsequent cultivation. 
Furthermore, no implement lias yet been devised that will bring all 
the eggs to the surface and leave them there. A fairly high percentage 
are always left with enough covering to protect them until they 
hatch, and, if the original infostntion was severe, grasshoppers may 
afterward emerge in dangerous numbers. Where shallow tillage fits 
into recommended farm practices, it should be used as a means of 
reducing the number of live grasshopper eggs, but it eaimot bo de- 
pended upon so to protect crops that subsequent baiting will not be I 
necessary. Cultivation is most effective in killing grasshopper e^gs 
during dry weather when the shriveling effects of wind and sunslune 
are greatest. To obtain maximum killing effects several workings 
should be given. 

The duekfoot cultivator is the best shallow-tillage im])lemont for 
destroying^ grasshopper eggs in grain stubble. It has broad V-shaped , 
blades whieh eut or pull loose the roots of weeds and grain stubble 
and push the crowns to the surface. The upper crust of soil is also 
broken and left in clods. Egg pods attached to the crowns and roots 
of plants or embedded in clods are brought to the surface and left 
exposed to the weather. Grassliopper eggs are laid in the upper 2 
inolies of soil, and cultivation is most eft'cetive when the duekfoot 
blades are adjusted to cut just beneath the egg-containing layer. 

The use of disk and tooth harrous brings many eggs to the surface, 
hut these implements are not so effective as the duekfoot cultivator 
in working grain stubble for this purpose. The spring-tooth harrow 
is useful in cutting dowTr grasshopper populations in alfalfa fields 
which, when left undisturbed, frequently become grasshopper-brooding 
grounds. Shallow cultivation with the spring-tooth harrow, late in j 
the fall or early in the sprhig, destroys some eggs and leaves the field 
in a condition less attractive for egg laying. 

SEEDING METHODS 

Seeding only on fall- or sjiriiig-plowed land, or on clean summer- 
fallowed ground is of vital importance in protecting small grain crops 
during grasshopper outhioaks. Few grasshoppers will hatch within 
fields that have been thus treated, and efforts can therefore be con- 
centrated on baiting those hoppers, originating outside and attacking 
the margms of the crops. By this method the quantity of bait needed 
and the labor of spreading are reduced far below the requirements for 
baiting the entire field, and the crop will have time to reach a stage 
that is more resistant to grasshopper attacks. 

Seeding on ground handled in any other way may result in grass- 
hoppers hatching throughout the entire field while the crop is only a 
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fewiuclies high. When this occurs prompt halting of tlio wholo field 
is the only way to prevent serious lujury. When iin entire field of 
several hundred acres is suddenly attftcJced by grasshoppers that have 
hatched within it, scrions damaeo may iako place l)«foro bait can bo 
obtained and applied. If the fields tire invadcil from without, progress 
of the hoppers mto the crop usually is slow and by prompt application 
of poisoned bait can ordinarily be linltod with only slight injun,- at 
the point of attack. 

^Yhere seeding is done on land that has not been plowed or summer- 
fallowed, the ground should bo given at least shallow cultivation with 
a duckfoot cultivator or disk harrow, preferably in t4ie full and a^ain 




IiGDRE 24.— Seeding grain in worked stuhblc. This i.s i)oor farmiiiK nnd w 
particularly dangerous during grai»lio|)pcr outbreaks. CJras.shopptr crks are 
not injured l)y tlie seeding proecss and niav hUch tlirougliout Uie field and 
destroy the crop Ijcfore bait can lie obtained. 

(iurmg dry weather in the spring. This destroys some of the eggs a.ud 
gives the farm operator a better chance to save the crop by baiting. 

t M 1 ill (fig. 24), or seeding grain directly into fresh grain 
stubble without preliminary tillage of any kind, is a' common practice. 
It IS condemned by agronomists because of reduced yields, and is the 
^orst possible practice from the standpoint of grasshopper control, 
ine seeding process destroys few, if any. of the e^gs, and if the field 
IS heavily nifestcd it will be swarming with young hoppers immediately 

ft ^v.^ "atchliig period. Baiting the e«tiro field within a few days 
alter the hatching is the only method that niav sarc the crop under 
such conditions. 

i^arly seeding is frequently nn important factor in reducing grass- 
hopper damage. Crops that have made considerable growth before 

grasshoppers have hatched can withstand a longer period of feeding 
winch in fiin„ oflP^-.i^ „ 1 • 1 . _ 1 ! P 1 1 . " 



can be done. 



hichin turn affords a longer period during which baiting ( 
ven tliough a grower may prevent grasshoppers from maturing on kis 
«n larm, adults subsetjifently may fly in and ^ttuck hk cropB. 
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Late-seeded crops that are green and succulent at such feimes are 
particularlv attractive to adult grasshoppers lyid often are severly 
injured before bait can be applied. Well-advanced crops usually fare 
much better, and such crops as wheat and barley can withstand con- 
siderable leaf destruction after the heads have formed without serious 
reduction in yield of grain. 

In a locality for which a severe grasshopper outbreak is predicted 
growers should carefully consider the acreage to be planted and the 
method of seeding to be atlopted. It is better economy to restrict 
sieetling to fewer acres and to ground from which few grasshoppers are 
expected to emerge than to seed a large acreage in which enormous 
numbers of grasshoppers are sure to develop. The first method re- 
duces the investment at stake and greatly increases the chance for a 
margin of profit. The second requires a greater initial outlay and 
creates the hazard of total loss of a farmer's own crop and perhaps 
that of his neighbor. , 

CHOICE OF TILLAGE AND SEEDING METHODS GOVERNED BY LOCAL CONDITIONS 

Several ways of reducing grasshopper injury by tillage and seeding 
practices have been described. Use of these is of greatest importance 
in the Great Plaihs region, where the migratory grasshopper is the 
most destructive species. This grasshopper's habit of laying its eggs 
throughout the current year's grain crop makes it particularly sus- 
ceptible to control by plowing. In any control program in sections 
where it is the dominant grasshopper the practices of seeding only on 
clean summer-fallowed or newly plowed ground and of plowing stubble 
before the grasshoppers have hatched are highly desirable, from the 
standpoint Doth of crop protection and reduction in the quantity of 
bait needed ultimately for control. 

The two-striped grasshopper and the differential grasshopper lay 
rnost of their eggs around the edges of fields that are in crops and along 
ditchbanks, fence rows, and roadsides. Hence plowing in connection 
with the preparation of land for seeding decs not destroy a large por- 
tion of their eggs, but much good can be done by plowing headlands 
and fence rows, where feasible, after egg laying has been completed. 

Plowing or shallow tillage of larger tracts of sod or idle land to con- 
trol any kind of grasshoppers is not recommended unless the land is 
to be seeded or summer-fallowed immediately. Cultivation ruins 
such land for pasture and makes it subject to soil blowing, and the 
operation is more expensive than Iftting the grasshoppers hatch and 
then killing them with poisoned bait. 

ADDITIONAL SUGGESTIONS FOR CONTROL 
BARRIER STRIPS 

When young grasshoppers are hatching in sod land adjacent to a 
crop likely to be attacked, their advance into the crop can be retarded 
by plowing a strip between the field and the sod land. If several deep 
furrows with sharp sides are plowed, the young hoppers will gather in 
them and can be killed there by dialy applications of poisoned bait. 

TRAP STRIPS 

Grasshoppers frequently are very abundant in alfalfa and other bay 
crops at the time of the first cutting. If narrow strips of such crops 
around the edges or m the middle of the field and along Irrigation 
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ditches are left uncut, prasshoppors tram all oym- the fioltl will gafrhar 
in them and oan bo easily poisoned there. 

BURNING 

At night, and even in the dnytiine dui in<; eool wenther, grasffihoppei-s 
seek protection. At sueh times f^reat numhois of tliem can often bo 
HUed by scattering straw or weeds where they are coiifrrefrated late 
in the afternoon and burning it Hi night after they li«ve erawle<l into 

it and become sluggish. 

POULTRY 

Flocks of turkeys or chiekens eat great niimhers of gru.sshopjXM* f«id 
can sometimes be used to advantage in sniaH local outbreaks. 

CATCHING MACHINES 

Various kinds of grasshoppor-eatchiiig niachine.s (fig. 25) have been 
largely used in the past, but they are uo longer reeoninien(le<l iinlww 




3 



FiOURE 25. — Where it is desired to catcli Rrasslioppers for poultry food, tlie grass- 
hopper catcher is useful. It may l)c eonstructed accordiiiR to the speeifiea- 
tions shown in this illustration. 

m,'^ flesirod to save the grasshop()ors for j)oultry food or fish bait, 
ilie poisoned bait is far more effective and is cheaper. 

IMMUNE CROPS 

. Some of the sorghums, sueh as sorgo and Kafir (fig. 26), aftor ro»ch- 
fflga height of 8 to 10 inelies are practically immune to grasshopper 
attacks. They can be planted rather late in the season nnd provide 
valuable feod for livestock in areas where control moAfiuroe have not 
Deen applied in time to save other forage erops. 

CASTOR-BEANS NO PROTECTION AOAINST GRASSHOPPERS 

The erroneous idea has been rather wideh' held that grasshoppers 
^^J be poisoned by planting e»6tor-be«ius around and tlirougli the 
crop to be protectoid. ExperimNits conduc 
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several State experiment stations indicate that this practice has no 
value. Whrai given no other food than c»6tor-bean foliage, grass- 
hoppers will eat sparingly of it and will die in about the same time as 
when given no food. When they are given a choice, other plants are 
preferred. Young grasshoppers have been reared to the winged stage 
in cages containmg growing castor-bean and oat plants. They 
thrived on the oats, refused to more than nibble on the castor-beans 
and grew to maturity in spite of being confined with plaiite that 
were supposed to kill them. 




Figure 26.— Com, on the left, completely destroyed by grasshoppers; sorghum, 

on the right, uninjured. 

ORGANIZING FOR GRASSHOPPER CONTROL 

In States where grasshopper outbreaks are common, yearly sur- 
veys are conducted to determine where control measures may be 
needed the following year. Farmers are urged to assist in these 
surveys by reporting the presencr of unusual numbers of grasshoppers 
or grasshopper eggs to their county agricultural agent or State ento- 
mologist. Information on the distribution and abundance of grass- 
hoppers within the county can be obtained from the county agri- 
eultural agent after the annual surveys are completed. 

Where grasshoppere originate on a particular farm and menace 
only the crops on that farm, individual action is sufTicient. If, how- 
ever, they are present in such numbers that they are likely to move 
from one farm to another, community and often county-wide action 
becomes necessary. This can be secured only through proper organi- 
zation, education, effective leadership, and adequate financial back- 
ing {hg. 27). Lacking any one of these essentials, a large-scale grass- 
Hopper campaign cannot be successful. Unless a suitable organiza- 
tion already exists, one should be started. It may well be a farm 
bureau, farmers' union, community club, or other 4rmcrs' organiza- 
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tion headed by an active, efFieient chairnian. The foHowing tyjMs 
of county organization is suggested: _ 

(1) One executive — the county agricultural agent, if there is one- 
sliould be in charge of the campaign for tlie county. He should bo 
responsible for funds expended, i)urcliase and apportion supplies, 
instruct coninnmity leaders in the inetliods to be employed, and nudie 
contact with State entomological leaders so as to obtaui the latest 
information on grasshopper control. 

(2) There should be community or to\\Tiship chairmen to aet as 
local supervisors under the direction of the county lender. 

(3) Under these oonimunity cliairnieii Uiare sliould be foremen of 
mixing and distributing centers to roeervo matorinls, to oversee mixing 




FiQURE 27.— Cooperative coiiiuiiinity action in ixiit spreading. liiLsincxiiinen 
from town witli mechanical bait" spreaders at4achc<l to their autonioijikw 
are assisting farmcns and ranchers in a suceemfiil graauhopiMir-conWol oani- 
paign in which volunteer crcwti are baiting all infestotl land racardlesii of owner- 
ship. 

of materials, and to check out niLxcd materials to individual farmers 
m scattering crews. 

(4) Finally, captains of scattering crews, men well aeciuninted with 
grasshopper conditions and familiar with the correct method of scat- 
tering poisoned bait, should supervi.se the crews of men wiio scatter 
the bait in the field. 

Farmers should cooperate and poison all grasshoppers rogai-dlMs 
of where they are found. Cleaning up an entire community or town- 
snip will not only save current crops but will eliminate the necessity 
lor or greatly reduce the scope of control measures need-^d the follow- 
H vear. It should be emphasized that this is not n mere visionary 
"eal that can never be reached but au objective that has frequently 

een attained. A well-planned campaign, stft-rtod early and pushed 

0 completion before the grasshoppers become winged, will in most 
.ases prevent serious crop losses. But if action is delayed to see what 
^°'!?S.to happen or until the grasshoppers aro doing serious damage 

m tying from one field to another, eompleto success cannot be 
expected. 
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